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viously  at  the  same  location.  (R.  W.  Bannister,  J.  Acoust.  Soc.  Am.,  Suppl.  1, 
60,  S20  (1976).)  For  frequencies  above  100  Hz,  the  measured  noise  is  uniformly 
distributed  throughout  the  water  column  and  is  principally  due  to  local  wind 
generated  noise.  Below  100  Hz,  there  is  an  additional  broad  peak  in  level 
centered  at  the  deep  sound  channel  axis.  This  peak  is  apparently  due  to  long 
range  noise  sources  received  via  S0FAR  propagation  paths.  An  analysis  of  the 
standard  leviation  could  not  determine  conclusively  whether  these  distant 
noise  sources  were  storms  or  ships ^ 
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Vertical  Directionality  of  Low  Frequency 
Ambient  Noise  in  the  South  Fiji  Basin 

Introduction 

In  heavily  trafficked  ocean  areas,  such  as  those  that  occur  in  the  North  Pacific 
or  North  Atlantic  Oceans,  experimental  results  indicate  that  ambient  noise  can  be 
represented  by  wind  generated  noise  at  high  frequencies  with  a  rapid  transition,  at 
about  100  Hertz,  to  a  constant  shipping  noise  component  at  low  frequencies. 

Recent  omnidirectional  data  from  the  South  Pacific,  a  remote  area  with  a 
relatively  low  shipping  density  typical  of  the  vast  Southern  Hemisphere  Oceans, 
indicate  the  situation  below  100  Hertz  is  more  complex,  with  shipping  noise,  wind¬ 
generated  noise,  and  perhaps  other  sources  competing  for  dominance. 

This  paper  presents  the  first  vertical  noise  directivity  measurements  from  the 
South  Pacific  and  compares  them  to  modeling  predictions  and  previously  reported 
omnidirectional  data. 
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The  measurements  were  conducted  in  the  South  Fiji  Basin  located  to  the  north 
of  New  Zealand  (the  island  at  the  bottom  of  this  figure). 

This  large  basin  is  surrounded  by  ridges  that  provide  some  isolation  from 
outside  noise,  but  also  allow  the  possibility  of  coupling  surface  generated  noise  into 
the  deep  sound  channel,  as  Ron  Wagstaff  of  SACLANT  Centre  has  recently 
suggested. 

Several  years  ago  Jack  Northrup  also  showed  that  low  angle  arrivals,  such  as 
generated  by  far  distant  ships,  could  literally  skip  across  such  ridges. 
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A  summary  is  given  here  of  earlier  omnidirectional  measurements,  which  we 
reported  at  the  previous  ASA  meeting  in  Ottawa.  Four  hydrophones  were  located  at 
various  depths  relatively  near  the  sound  channel  axis.  The  sound  speed  profile  is 
shown  on  the  left. 

Three  representative  frequencies  were  chosen. 

For  300  Hertz  (shown  on  the  right),  the  depth  dependence  was  slight,  the 
variability  small  and  characteristic  of  wind-generated  noise,  as  was  the  level 
dependence. 

At  63  Hertz  (center),  there  was  a  slight  maximum  at  the  sound  channel  axis, 
apparently  still  some  wind  dependence,  but  a  higher  variability. 

At  10  Hertz  (next  left),  the  trend  is  similar  to  63  Hertz,  but  with  even  a 
greater  variability. 

More  data  were  required  to  son  things  out;  venical  directionality 
measurements  would  logically  be  the  next  step. 
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The  measurement  system  used  was  the  self-contained,  free-floating  Autobuoy 
system  equipped  with  a  new  12-element  vertical  array,  which  was  237  meters  long. 
The  world-traveled  Autobuoy  can  be  programmed  to  hover  at  selected  depths  and 
presently  has  an  8-hour  recording  capability. 
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A  chronology  of  the  data  collection  is  shown  here  along  with  the  measured 
sound  speed  profile.  The  sound  speed  profile  (on  the  left)  was  marginally  bottom 
limited. 

The  Autobuoy  hovered  at  four  consecutive  recording  stations,  starting  at  a 
depth  of  3100  meters  (relatively  near  the  bottom). 

Stations  were  then  made  at  2200  meters  (a  deep  intermediate  depth),  1200 
meters  (the  sound  channel  axis),  and  300  meters  (a  shallow  intermediate  depth). 

Approximately  1  hour  of  data  was  obtained  at  each  station. 
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First,  we  examined  single  hydrophone  data  to  see  if  the  results  were  similar  to 
previous  omnidirectional  data. 

At  200  Hern,  shown  here,  we  have  plotted  data  for  each  of  the  12  array 
elements  as  a  function  of  array  spacing,  which  is  logarithmic,  at  each  of  the  four 
depth  stations.  The  symbols  for  each  of  these  four  stations  are  shown  in  the  upper 
right. 

The  change  across  the  array  for  a  given  station  is  small,  with  the  highest 
average  level  occurring  for  the  shallowest  station  (300  meters),  as  one  would  expect 
for  wind-generated  noise.  The  measured  levels  were  as  expected  for  the  local 
average  wind  speed,  which  was  18  knots  for  all  four  stations. 
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At  25  Hertz,  the  change  with  depth  is  greater  (over  10  dB)  with  the  maximum 
level  now  occurring  at  the  sound  channel  axis  (1200  meters).  The  Autobuoy  data  are 
consistent  with  the  previously  reported  omnidirectional  data  taken  with  the  Moored 
Acoustic  Buoy  System  (MABS). 
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The  first  vertical  directionality  results  shown  are  for  the  sound  channel  axis 
(1200-meter  depth).  The  frequency  band  listing  is  on  the  right.  The  horizontal 
direction  is  given  as  0°,  hence  upward  looking  angles  are  positive,  downward 
negative. 

At  200  Hertz,  shown  at  the  bottom,  the  level  is  essentially  flat  for  all  angles.  As 
we  go  to  lower  frequencies  a  broad  maximum  develops,  centered  at  the  sound 
channel  axis.  This  broad  peak  becomes  sharper  below  50  Hertz. 

This  broad  peak  is  similar  to  that  observed  by  Anderson  in  the  North  Pacific. 
Normally  one  expects  coupling  to  the  deep  sound  channel  from  a  shallow  source  to 
result  in  peaks  at  typically  ±  15  0  with  a  relative  minimum  at  0°.  Anderson  suggested 
that  the  sloping  sound  channel  axis  in  the  North  Pacific  might  improve  the  coupling 
for  small  angles.  Unfortunately,  we  do  not  have  such  a  shallow  sound  channel  axis 
in  the  Fiji  Basin. 
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The  other  possibility,  as  mentioned  earlier,  is  slope  enhanced  coupling  by  the 
surrounding  ridge  systems. 

Thanks  to  Drs.  Stephen  Wales  and  Orest  Diachuck  of  the  Large  Aperture 
Arrays  Branch  of  the  Naval  Research  Laboratory,  we  have  obtained  predictions  of 
the  vertical  noise  directionality  due  to  such  coupling  for  our  measurements  in  the 
Fiji  Basin.  Shown  here  is  transmission  loss  versus  range  and  depth  for  a  6-meter 
source  depth  over  one  of  the  ridges  at  a  frequency  of  30  Hz. 
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The  prediction  of  vertical  directionality  has  twin  peak  levels  at  ±12°  with  a 
large  drop  at  0°.  For  a  reasonable  estimate  of  contributing  ships  (typically  5),  the 
general  level  is  compatible  with  the  measured  level,  but  the  angular  distribution  is 
not.  It  should  be  noted  that  we  took  a  typical  ridge  height,  but  greater  enhancement 
would  be  possible  from  the  Fiji  Rise.  Perhaps  a  better  approach  would  be  to  con¬ 
sider  the  highest  ridge  that  may  dominate  the  enhancement. 
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For  the  shallowest  station  (300  meters),  the  low  frequency  peak  is  less 
pronounced. 

Starting  at  the  200  Hertz  curve,  there  is  a  slight  tilt  toward  the  upward  angles 
indicating  an  increased  level  near  the  surface,  which  is  expected  for  wind-generated 
noise. 

This  may,  in  part,  be  the  cause  of  the  apparent  lessening  in  the  peak  since  the 
surrounding  background  level  is  increased. 

The  corresponding  predictions  (300  meter  depth)  due  to  slope  enhancement, 
again,  provide  the  required  level  increase,  but  still  are  not  a  broad  peak,  but  rather  a 
double  peak  —  this  time  at  ±  8 0  and  a  1 5  dB  dip  at  0  °. 
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At  the  deep  intermediate  depth  (2200  meters),  the  broad  peak  becomes  what 
can  be  best  described  as  ragged.  We  believe  that  this  does  not  indicate  a  basic  change 
in  the  peak,  but  rather  the  addition  of  another  noise  component  —  a  reliable 
acoustic  path  (RAP)  type  propagation  from  i  single  ship  in  the  area. 

The  predictions  are  similar  in  character  to  the  two  previous  depths,  in  this  case 
twin  peaks  at  ±6°  and  a  10-dB  dip  at  0s.  What  we  are  suggesting  as  single  ship 
arrivals,  such  as  at  -28°,  are  clearly  outside  this  peak. 
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At  the  deepest  station  (3100  meters),  this  additional  single-ship  component  is 
more  clearly  defined,  as  would  be  expected.  Note  these  peaks  at  -20°,  + 16°,  and 
+47*. 

Albeit  reduced,  the  broad  maximum  still  remains. 
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Conclusions 

Above  200  Hz  noise  constant  with  depth. 

Below  200  Hz  broad  maximum  centered  at 
sound  channel  axis. 

Results  compatible  with  slope  coupling 
or  far  distant  shipping. 
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We  can  summarize  our  results,  which  were  at  an  average  18  knot  wind  speed  as 
follows: 


•  Above  200  Hertz,  the  noise  level  is  relatively  constant  throughout  the  water 
column,  with  a  slight  increase  near  the  surface.  All  evidence  points  to  locally  wind- 
generated  noise. 

•  Below  200  Hertz,  a  broad  maximum  centered  at  the  sound  channel  axis 
develops.  This  can  be  masked  to  some  extent  by  other  noise  components. 

•  Results  from  predictions  of  slope-coupled  shipping  or  far  distant  shipping 
are  compatible  with  the  levels  observed  at  the  broad  maximum,  although  the  shape 
is  not.  This  comparison  is  not  yet  definitive  and  seismic  activity  or  storm  noise 
cannot  be  ruled  out. 

Hopefully,  the  horizontal  directivity  measurements  planned  for  the  South  Fiji 
Basin  this  spring  by  the  Joint  Defence  Scientific  Establishment/Naval  Research 
Laboratory  will  resolve  the  principal  source  of  low  frequency  noise. 

Thank  you. 
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